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Asm  ACT 
IfKrM  ] 

Tlw  Mirtw  nMr  Mgmt  procMStog  l«rliiilq«e  proVldM  a  Urge 
iwprowwtm  over  eoNvtmionaJ  radars  for  urg**ts  of 
caaratlaUy  osaaiM  radial  vakxitjr.  tait  tbta  taiprovroiciit  is  degraded 
vlieiiever  tlie  radUl  veloctly  ehaaft  within  any  SO-sar  period  producoa 
a  dopplar  chasft  graaltr  than  O.St  cpa.  At  a  earner  (requenry  of  26.6 
Me  ttia  Is  pabdttctd  by  a  change  in  radial  velocity  of  approxltnutely  4 
kaots  orcarrlaf  la  20  aacoada  and  rapresents  an  acceleration.  If  linear, 
of  0.2  knot  per  aceond.  Thla  limit  la  normally  not  exceeded  when  view¬ 
ing  targets  of  manned  aircraft,  but-  It  may  be  expected  lo  be  exceeded 
In  the  vtewinf  of  mlaoite  Uanchei.  tb  overcome  this  nrceleratlon  deg¬ 
radation  of  ths  atgagl-to-nolac  ratio  in  the  Madre  radar  system,  an 
scccicratloa  pde  ayatam  la  balng  devtloptd. 

Radial  vtloeitlaa  tad  accclentlona  via  a  ona.hop  lonoaphere  ray 
path  have  beta  ealculMad  for  a  Jupiter  auaalla  launched  from  the  AtUn- 
tlc  Mlaailc  Range  with  obgarvntlon  polnta  at  the  Cheaaprake  Bay  Annex 
of  MRL  and  aiao  al  a  poUii  la  the  plana  of  the  trajectory.  Calculationo 
showed  a  syelem  degradation  In  eacess  of  10  db  for  nwatof  the  powered 
portion  o!  tha  launrh  for  each  point  of  oboervatlon* 

A  block  diagram  of  the  Acceleration  OaU  Syatem  is  shown,  and  a 
bnef  doocnpiion  of  Uic  curve  melchlng  techntqno  la  given,  tignifiranl 
progroaa  is  rspoiied  cn>  several  key  circuits  of  the  new  ayatem. 


miRLfSM  STATIM 

TMa  Is  tha  first  of  a  aencsof  tvchalcal  saaiaiary  ropoitaonlho 
problem,  covering  system  thsury,  calculatlona,  and  pbuinlag.  The  work 
rspofled  wsa  condacted  daitng  the  period  Jaly  1,  I9M  to  Dtmtmber  21, 
I960.  Work  oa  tha  problem  la  coaUimtiig. 


AUTHOfU  RATION 
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ARPA  Ordsr  No.  160-60,  Project  Code  TlOO 
of  Juno  21,  1660 
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OCVtLOPMOrr  or  am  ACCICLRIUTIOIf  GATE  lYITBM 
FOR  TMC  ncraovEMEirr  or  the  maore  radar 

l»\RT  I  -  srSTtM  THtOKY,  CALCULATIONS.  AXU  Hi.ANNINr, 

)  Serrcl  Iltl«  I 


WTRODOCTIOK 

• 

The  purpose  of  mMiiic  an  acctltnUion  gale  sytmm  lo  the  MMlre  radar  la  Ul  to  permit 
the  detection  of  urgrto  having  appreciable  acceleration  that  would  othcrwlae  be  andetort. 
aide  hcrauae  <if  argtMi.tu.nuiBc  loaaea  In  the  present  syatcoi  atinbutabit  to  accelerating 
targets,  dtod  (b)  tp  retain  the  signal-tu«nolae  sahancoment  capaMUtles  that  the  existing 
system  poV  has  (or  aotisrreleraUiti  targets.  This  detection  will  effccUvsly  be  accom. 
pliabcd  bjr  a  curve  matchliig  or  fitting  process.  A  large  number  of  UiUt>iii  (uactloiui  will 
be  compared  simultaacossty  (or  the  best  oiatcb  with  the  aceeleraUng  target  signal.  Orig* 
iraOlv,  a  360>gate  acceleration  gate  system  was  proposed;  however,  (or  purposes  of  ecoii* 
omy.  a  system  la  being  developed  hovbig  only  twolve  acceleraiioa  gates  tailored  to  the 
missile  trajectories  out  of  the  Atlantic  Misstle  Ranga  (AMR)  as  viewed  (rtm  NRL'a  Ches* 
lycake  Bay  Aanes. 


BACKCnOUKD 

The  piVseM  Ifadrc  radar  system  processes  the  target  doppler  atgnal  and  dtaplaya  It 
in  iwu  mmcnsloas,  with  range  rate  as  the  ordinate  and  range  as  the  abscissa.  The  eoordl* 
safes  uf  each  targM  are  Identified  by  Irleosity  modulstlng  the  grid  of  the  csthud«.rsy>tube 
fbaplay  with  the  target  algas^  pulse.  Doppler  signals  from  S  to  W  cps  Irvia  the  reedvor 
arc  sampled  and  atored  on  the  magnstir  drum.  Here  a  Urns  comprsssion  of  13,100  lo  1 
occurs,  esustitg  the  doppler  signals  read  out  of  storage  to  cover  the  frequency  range  of 
0.4  In  T.S  Me.  These  slgaals  are  processed  In  the  analysts  chanael  and  thon  drive  the 
rrt  digplay. 

rigure  1  IS  a  block  dtsfram  of  the  analysis  channel.  It  conslsin  of  a  miser  whlcb 
accepts  signals  from  the  drum  and  a  reference  oscillator  Ibsl  Is  swspi  is  frsqusncy.  The 
dKference  ircqucscy  Is  sslected  by  the  narrow  bunOpsas  crystal  (liter  centered  os  13.0 
Me.  Bs  bsndwidU  ie  30  he,  hence  only  signals  ruaflned  to  tUs  band  will  pass  on  to  the 
dstcctor.  Fbrtber  (tlterlni  Ukts  plsce-ln  the  low.puss  ttltsr  wbtrt  Ihs  mgnsl  bandwldUi 
la  now  bmlled  Io0to3kc.  lnsU,tlM  stgnal  bandwidth  is  edsettvely  narrowed  hy  a  ratio 
(If  41,400  to  1.  thus  imprwiag  the  slgnal-to-noise  power  ratio  by  a  slmiUr  factor. 

Tim  slpmi  as  read  o«t  of  ths  drum  storage  consleU  uf  33  nsfe  gstss  (0  to  4W  nsul 
mil  of  inforsMtloa  ocrupyiag  a  stnglt  track  on  ths  fall  cireiunfereace  of  ths  dniie.  Each 
rai«v  gate  has  3400  samples  of  signal  written  in  it,  which  took  30  seconds  to  complste. 

The  readout  of  all  33  range  gates  takss  place  is  one  dram  revolution,  or  1/100  second. 

Due  to  the  tf  am  compresuion  that  results,  ths  signals  can  be  analytsd  for  all  range  ratea, 
as  w*U  as  all  rangeaf  >»  ^ly  two  aeconda,  whsrs  ofhsrwlae  a  large  aiultlpllelty  of  fined* 
rrcq..nicy  dop^r  filters  would  be  reqoirsd.  Range  rate  Is  measured  by  moving  the  srsiw 
Mi«  oscilbitor  about  32  kc  for  each  drum  revotuUos.  TMs  mesas  that  all  S3  range  gates 
arc  saslyfwd  for  signals  having  a  psnicalar  doppler  frequency,  and  thus  range  rate,  in 
this  period  (S.S  masc).  Daring  the  sent  drwa  revoletioh  all  range  pdti  are  anamined 
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for  oii;MaU  liavinf  tbr  next  Mfhcr  image  ral*.  Tas  proceas  cominue*  for  abnui  ISO  drum 
revoliitkkoa,  or  nrarly  2.0  •eromto,  at  wkich  time  all  raage  and  rang*  rate  ipiie  comhimi. 
ttoaa  laiva  been  oaamincd  for  signala.  The  total  process  is  then  repeated.  The  display 
sweeps  are  Hspi  is  step  witfi  the  seanninf  oscillator  aud  range  cycles  to  lasers  on  orderly 
prcscfitatlon  oC  laforauUoa. 

0 

To  soaiitiarlse,  the  pressni  system  provides  S3  range  gales  ami  320  range  rale  gates 
%inaury  diapUy)  or  infciroMtion,  which  reipilres  about  2.0  seccNula  to  aaalyrc.  A  lAnti* 
gala  la  mg^««a<>iiolse  ratio  acenam  provided  that  the  signara  doppler  freqsency  chies 
not  deviate  OMire  than  30  kc  at  the  drum  output  la  the  20  accoads  required  to  flU  tho  Btor> 
age.  If  It  does  it  will  be  atteiaiatcd  by  the  30*kc  bandsndth  predctection  tiller.  If  the  30>Im: 
Imuutlos  la  oonvciied  to  knots.  If  can  be  seen  that  at  an  operating  (requenry  of  20.6  Me 
tke  tarpH  mwai  hold  a  raduil  range  rate  wtthin  4  knots  for  20  seconds,  or  0.20  kiwi  per 
second. 

HlKti»ep*ed  vehtelee  such  as  missiles  can  predeee  higher  aecelcrstians  (har  0.20  knot 
per  second.  The  eapeeted  radial  velocllKw  and  accelcraUona  of  an  ariual  Jupiter  missile 
launched  from  the  AMR  when  viewed  from  the  Chesapeake  Day  Aanea  ICDA)  were  curaputivi 
liy  an  URL  nuthenuttrian.*  Thia  missile  imparted  640  naut  ml  down  ningu.  figure  2 
MsiwH  iMth  velocity  and  acceleration  pkNIcd  as  a  function  of  tnnr.  Also  Included  In  a 
rurve  to  indIrale  the  number  of  range  rate  gates  over  which  the  dnimler  imiucncy  in  any 
one  ranee  gair  will  be  spread  by  accrlerallon  la  tke  20  seconds  re^irnd  lo  fill  the  sioniipe. 
for  example,  if  the  signal  mergy  wus  spread  uniformly  over  ten  range  mle  gat«m.  Hhui 
only  ooe-tcfitb  of  the  energy  would  be  found  in  any  one  ^te,  and  tlws  the  slgnal-to-nuiae 
ratio  would  be  degradad  by  10  db. 

In  Una  case  (fig.  2)  the  radar  Is  viewing  the  mtastle  at  nearly  a  ngM  aogle  to  the 
plaae  of  its  trajectory.  In  fart,  at  102  seeonda  ttw  radml  acceleration  passes  thruugli  aero. 
The  ahnded  portion  of  the  carve  Indicates  the  period  of  tlsie  during  which  the  loss  wtU  be 
less  than  10  db  on  an  average. 

Another  view  of  the  same  missile  Ingsctory  Is  shows  In  Pig.  3,  where  the  radar  is 
altsd  In  die  plane  of  the  trajectory  TM  aaut  ml  from  the  launching  area.  Again  accetora* 
lion  and  velocity,  along  with  the  wmiber  of  gates  iraveraad  by  the  doppler  aiganl  frecpency. 
are  plotted  veroue  Umc.  Hers  It  wlU  be  aeen  Ihnl  at  10  eecoede  the  doppler  freqesney  le 
ilrndf  cbaiqpiv  at  a  rate  wMch,  If  coadiaisd  wtlheul  change,  would  cause  it  to  travenw 
ten  raiMC  rate  g^tes  le  30  eecomte.  As  time  conUeucs,  the  aumber  of  gates  iraveraad 
iacreiwef  rapidly. 


BtiMon  N.  Ns^ld,  Ap,UivU  hiaff. 
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Juplit-r  mitstlr  rhar«cU*ri«tic» 
freiti  «,  |W(4nt  TfO  naul  mi  from  the  launch 
ail«*  und  In  th**  plane  of  trajectory 


1W  two  gnpha  arc  wmaplM  of  a  fovorahla  aad  an  unfavorable  (lor  Uw  Madre  radar 
arofcm)  miaatle  traiodorf  witli  roapoef  to  the  radar  alic. 


OPUtATON  OP  me  ACCCLCRATIOII  GATE  SYtTEM 

» 

B  it  fa  dcaired  to  dctoct  a  rapidlf  acctlcraUng  target  by  meaaa  of  a  revialon  ta 
Madre  radar  aueh  that  the  aaaie  aenatUvitjr  la  achieved  aa  that  of  the  orlMaal  radar 
targote  of  Uailtod  acrelcratlofi,  then  a  aMaae  mail  bo  provided  for  coafialag  all  doM 
atganla  to  the  narrow  output  bandwldUi  (10  he)  of  the  orlgiaal  Madre  eyeteni  for  the  f 
laiegrattoa  pcraid.  The  doppler  algaal  fa  available  at  the  druoi  output,  but  the  probli 
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Utof  11  rarlM  la  fra^atncy  Aariag  tlia  20  aacooda  la  which  it  waa  aampled  and  Marcd  on  the 
dnm,  and.  of  conraa.  it  la  alao  bailed  In  aolaa.  Tha  algoal  «nil  appear  In  one  of  the  21 
rufc  fate^  wMch  are  each  road  out  in  240  pa. 

A  aolatton  to  the  proMaai  ia  to  modalate  the  acanolng  oacillator  (Fig.  1)  during  a  range 
gate  M  that  the  davutioa  of  the  doppler  frequency  due  to  arrelerallon  ia  canceled  out  at  the 
lalaur  of  the  analyala  channal  and  a  conatant  i«(  output  la  rcalixed.  Tha  modiilatlon  maat 
be  rapeated  Jurlog  each  nf  the  29  range  gatca  for  a  given  rarge  rate,  and  then  it  muat  be 
ccadixiued  vdUla  (ha  rumatning  range  and  range  rate  are  eaanined  (or  aignala. 

The  above  pi  oeeaa  converts  an  analysis  channel  into  an  acceleration  gate  where  all 
range  and  rangt  rate  gates  are  aaamtnid  (or  tarftta  having  a  given  aceale  ration.  Other 
accakratton  gates  may  ba  aatabliabed  by  paratlelliig  analytla  channela  and  modalatlng  the 
reference  (reqnc<icy  of  each  with  a  different  faactlon.  The  original  proposal  lor  this  eys* 
tern  auggested  a  total  of  360  accaleratlon  gatca  (or  an  oparational  radar.  This  number  Is 
llcxlble  and  nuy  be  increased.  The  analyela  time  neceeaary  to  cnanilne  all  combinations 
of  (he  SOO'accaleratkm  gates,  220  range  rate  gates,  and  22  range  gales  is  still  «ily  2 
seconds  -  the  same  tlma  as  required  by  the  preaeat  aystam  for  analysis  ol  only  range 
rr-tf  and  raage.  (Aa  URL  report  la  available  which  gives  a  more  complete  deocrlpUoo  of 
the  acccleratloa  gale  ayatem  than  will  be  given  here  and  which  alao  dlscaaaea  n  number 
of  other  importaat  conalderationa.*)  * 

Tbe  basle  design  phUoonphy  employed  wae  not  to  etorc  all  poaalble  missile  Iraicclu- 
rlestbata  radarmigM  be  called  igxm  to  now,  wbich  coaid  bt  iaflnlte  tn  number,  but  to 
afore  only  a  aeleetloa  of  modalatiag  (aoetlona,  each  arlth  a  Umt  duration  equal  to  the  tnie> 
grathNi  pvrliid  after  read  oat.  Thia  selection  ia  to  be  tried  almullanaoaaly  for  a  good 
match.  Aikv  one  (auction  should  match  some  part  of  a  aumbar  of  trajectories,  tbe  mimljer 
of  fenetiun  gencratora  required  la  the  system  will  be  reduced.  Thia  design  phlhMophy, 
of  course,  eaimoc  be  followed  completely  tn  the  ll-gatc  system. 

If  the  fall  polmttalltlea  of  tbe  syutem  are  to  bo  utilised  to  uncover  the  mimmum  dolieu 
side  target  signal  from  the  noloe,  ita  doppler  (requeocy  moat  renuln  within  the  20.kr  pusv* 
tnnd  of  Ihe  prudetertton  (lllor  (or  the  full  integmUon  period.  Thus  it  la  not  poasllile  lu 
'kwk'  at  iho  doppler  frcqevuriea  with  a  shorter  aampling  period  at  one  or  mure  potias  tn 
a  range  sate. 


TECmtlCAL  P^OGRCff 
«  • 
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The  design,  eonatructioa,  aad  engkeertag  aualyala  of  the  design  of  lbs  12-iBto  acesU 
eratloa  ado  sy^m  le  well  underway.  Where  awre  than  one  umt  of  a  givon  elertromc 
mdmjratem  la  reipiiroil.  only  one  adll  be  conalructed,  and  the  remainder  wlU  be  obtalaed 
on  outside  contract. 

Pion  4  Bbowa  as  overaU  block  diagram  of  tha  syeCam.  Only  a  single  Input  la  required 
from  one  Irach  on  the  dram.  Oatput  from  tho  aaaiy»l»  ayalew  will  be  preoeaM  on  ttroe 
oaclUoucopea,  oat  diapUyii«  raage  rale  voraaa  rango  laformsuoa,  tbe  second,  accokrallon 
ruraua  range,  aad  the  third,  accekralloo  veraua  range  rate. 


•c.  K.  ‘As  Improved  Ostf  Sreism  for  the  Msdrv  Bedor,*  NhL  Rvpert  SITO  ISecrri 

Rrpnri,  UnrlsMlfird  TtUvi.  OfC.  1S40. 
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Ptg.  4  -  Arcelcrati««i  fat*  syatam  Mo<.k  diagram 
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Thr  li^ul  •ifmi  ftfcclii  tlic  12  analysis  ctuuiAttls  lo  parsllcl.  These  channels  will  lx* 
similar  to  the  one  lUnslrateil  la  Fin.  1.  Each  of  these  channels  requires  a  special  scanninn 
or  areference  frequency  srhich  is  modulated  with  tRe  appropriate  arcvleratiun  function.  The 
modulated  reference  frequencies  are  provided  hy  the  circuits  labeled  reference  oscilluiur 
unit.  These  ufUts  each  consist  of  an  oscillator,  reactance  modulators,  adtkT.  and  a  funcinin 
generator.  A  efcotee  of  four  vavefornfis  Is  provided  as  parlllel  drive  lo  the  functlun  gi*tx'r> 
ators.  The  purpose  of  the  function  generator  network  la  lo  appropriately  modify  one  of  the 
input  waveforms  to  generalc  the  dceired  modulating  function. 

SIgMl  output  naay  occur  Mmultaneoualy  from  all  12  analysis  channels.  This  Creates 
a  dlspUy  problem  becauac  cathode>ray  tubes  have  only  a  single  control  gnd  and  thus 
require  information  In  sequential  form  rather  than  lo  simultaneous  form.  Display  con> 
version  of  information  in  this  system  Is  acrnniplished  with  an  clcrtroaic  commutator  Cun- 
aistlag  of  a  ring  counter  and  12  linear  gates.  The  output  of  the  commutator  la  fed  eitht'r 
dlrcmiy  or  thrm^  a  threshold  detector  to  the  gflda  of  the  three  displays.  Sinre  this  is 
an  tfaperimrnlal  system,  and  for  resaona  of  flexlMIlty,  11  was  thought  desirable  lo  modify 
or  degrade  the  signal •to.notse  ratio  as  Uttic  as  possihlc  between  the  (inal  narrow  banding 
in  the  analysis  channels  and  the  display.  This  will  allow  the  noiac  Ihrvahohl  to  be  ad  at 
the  display  In  accordance  aith  the  requiremenla  of  each  partlcukir  capeiimcnt.  However, 
aa  alternate  automatic  threshold  detector  Is  also  being  provided. 

Output  informaiion  is  in  effect  Ihree^oienalonal  in  character  and  would  be  mosf 
advantageously  presented  is  three  dimensions.  As  a  practical  matter,  cathorie.ray  lubi*s 
are  rapoblc  of  <ftsp(aylQg  InfornMtlon  la  only  two  dimensions;  hence,  for  display  purposes 
It  in  necessary  to  break  the  three-dlmettslo^  Information  down  Into  pairs  d  dimonatons.* 
This,  however,  introduces  a  number  of  problems,  mr  eaample,  ronshfer  the  accekratlun 
versus  raage  display.  Here,  the  raster  of  sweep  lines  will  repeat  many  limes  (every  drum 
iwoloiMNi)  oix*  on  lop  of  the  alhi*r  before  the  2.0*sec  analyalt  period  Is  completed.  Noise 
which  M  written  in  each  time  vill  add  and  build  the  bttenslly  of  Ike  long  pvrslstvnev 
phosphorous  screea,  thus  reducing  the  signal-lo-aoise  ratio  of  a  signal  which  occurs’iway 
ura  c  per  period,  la  Ike  case  of  the  other  two  displays  the  lines  In  the  direction  of  the 
range  rate  or  range  coordlnalc  will  have  a  very  large  numbi’r  of  elements  written  on  ihi*ai, 
wWch  srill  exceed  the  rcnolsiion  caiMliillly  of  the  catlKKk*.my  lulx*  (fur  the  SeO^gaic  aricl. 
craflon  gale  syaiem).  More  again  a  toes  of  aignal-lo-notse  ratio  wiu  result. 

An  eiamlnalKMt  of  the  number  of  lines  required  In  cacti  coorduulc  of  the  diapLiys 
reveals  that  only  12  lines  are  required  lor  the  accclcrallon  coordinate,  49  for  the  range 
cuurdlnale,  and  320  for  tbe  range  rate  coordlaate.  Slace  so  few  ulements  are  seeded  in 
the  acceleration  and  range  coordinates,  the  large  aurplua  of  elemenu  between  the  mini* 
mem  number  required  andths maximum  nujiHier  allowable  under  the  resolution  limit  of 
the  cathode«ray  tube  nuy  be  uebd  to  ellminale  the  loss  of  signaUto-nolse  ratio  due  to 
tbe  two  prevSoualy  nmnUoned  probleaM.  This  can  be  done  by  adding  low-level  auxllury 
step  awceps  to  the  main  horiaontai  and  vertical  sweeps  for  each  of  the  dlaplayt  so  that, 
by  yetm  a  small  offset,  no  sweep  line  falls  exactly  on  a  previous  sweep  unlll  the  complete 
2.9-sec  saslysls  cycle  Is  completed,  sod  Ihs  sweep  lines  having  s  large  number  of  ele¬ 
ments  are  folded  so  that  the  munber  of  elemtats  on  any  0vtn  line  Is  not  excessive.  In 
order  not  lo  smesr  out  the  elements  on  tbe  display.  It  la  planaed  to  use  stepped  sweep 
eignais  inetead  of  aswiooth  stgnale. 

Tbe  and  suslllary  step  sweep  gcaerstore  are  shown  on  the  ngM-kand  side  of 
pig.  4.  Also  included  arc  the  start  and  stop  atgnaln,  blanking,  adders,  deflection  drivers, 
and  ftrobe  generators  necessary  to  actuate  the  diaplays. 
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Tki  folfcMTtniC  par«Kr«p(i«  viU  dvml  wifli  ttM.*  design  and  deveiopment  of  epcrific  pur« 
fiofis  at  tkf  rnymlcm. 


Liwar  Gaft'  tfafcm  at»i  Ring  Counter 

Sequential  nanipliait  of  the  aiulyals  chaanm  outputs  is  aecomplislK'd  by  12  linvur 
gatcN.  each  plat-vd  in  senes  with  one  analyalM  rhausls  to  a  common  overall  oulpal.  The 
elfrtrtmic  cummuiating  artion  is  pcrlormed  by  a  ring  counter  ooiisisttng  of  13  binary 
afagt*s  in  whirii  each  btnary  supplies  the  switching  p^se  for  one  of  the  gates.  The  last  or 
ISth  binary  provides  the  tlmu  necessary  for  rotrsev  in  the  displays. 

A  nunahrr  of  gate  circuits  have  been  investigated  for  possible  apphratlon  In  the  full 
nysiein,  an  well  as  in  the  l2-gntc  system.  A  acritfs*type  gate  waa  required  so  that  tin: 
outputs  could  lie  coisK'Cfed  in  parallel.  This  cannot  be  done  conveniently  with  the  shunt 
type  wilhuul  the  addition  of  an  isolallun  nctworic  or  Mage.  Other  rvqnlrenMnits  were: 
ta)  j  last  pulse  rise  and  fall  lime  to  acoummodsle  s  t«psec  pulse  width,  fb)  linear 
reapiNise  over  a  wide  dynamic  range  of  at  least  40  dh.  (c)  high  .itteasstion  during  the  off 
period  and  low  aticnustlon  daring  the  on  period,  and  fd)  simplicity  of  circuit  design.  The 
circuit  that  appeared  moat  aulted  to  the  requtromenta  was  a  sisfle-trsnsistor  gale  cir¬ 
cuit.  shown  in  Fig.  5,  which  was  developed  as  s  final  result  of  the  study. 


I'lg,  S  •  Trai.slMtor  gnu- 


This  iniNfcislor  gale  prwrldos  an  atleuosifoii  of  alwft  52  dt  at  Uw  hegiMUng  of  lint  off 
perlwl  and  liareases  to  CO  tSi  (or  fhe  rvasundcr  of  that  ported.  The  rise  ntsf  fall  limen 
are  approsIsMleiy  50  anacMiecoiKls,  awl  the  aurtes  resistance  donng  the  on  pertoil  is  about 
20  ohms.  A  gating  pulnu  of  50  volts  pHoh-to-pcaii  la  sufficiem  for  passniK  a  signal  of  18 
voltn  penk-to-pesfc  amplitude. 

Many  translators  wero  incasurod  for  potential  use  in  iMs  gate.  In  order  to  oMaln 
fast  noe  and  faU  Umes,  uatwintors  with  good  hlgh-frcqnency  rosponaa  were  dosfrsMo. 
1Y»se  with  high  colloctor-to-hasu  voUsge  rsUsgs  allowed  operatlor  at  highsr  slgiaU  lotrels. 
The  2N4M.  a  |sq)  sibcofi  alloy  type .  was  the  moot  soluble  of  the  ava,  UMe  typos  fur  nso 
limes  and  sicasi  amplitude  capsbtUUus. 

TW  tranaiuiar  gate  clrcalt  doss  imt  balance  out  the  entire  gattng  palaa.  ftncu  all 
mdo  eotpMs  art  comiectsd  in  parallel  and  the  swttcMag  limes  art  ahert,  the  signal  output 

not  appanr  to  be  added  to  the  offeet  voltage.  TMa  u  not  uapactod  to  bn  obfoctlonablu. 
bat  will  be  fatly  tsanined  whaa  the  ring  eeuiucr  la  eostplatod. 

The  nag  counter  which  sapplieo  the  swilcmiif  pulses  to  the  gate  ciremu  Is  desig^ 
to  use  sUadsrd  plini-in  blaary  units  aunufactursd  by  Eagtnaered  Klectrontca.  Thia  chnaais. 
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vhick  liKludM  the  traiwtMor  galM,  Ims  bwn  coMirw’ii'tl,  The  dcsiim  inclodrs  rciirt  fir- 
cvlts  for  ifc*  nm  rowiior  thtl  will  oMko  It  self-otartUHr  and  prevent  luon^  ilnn  one  pnlne 
from  fttpplnf  aroMnd  tht  rlnf . 

Thn  outpMt  of  tht  ring  counttr  it  <200  opt.  Thit  It  iitcd  at  u  rtferenee  frcquciMy  in 
addition  to  gait  ttnichinf .  It  tuppUtt  the  bbnilUiig  tlgntl  for  the  acceleration  awvt*pt, 
the  rcaot  for  tht  hcctlcration  tlvp  generator,  the  inptt  lor  the  range  aicp  generator,  and 
the  input  lor  the  tcctleratlon  twttp  modulation  of  tht  roftrenre  oscillator.  Originally 
W  ^aa  Intended  to  supply  the  Input  of  the  ring  counter  with  a  107.e4(K>kr  aigiwl  that  wat  to 
bo  oMalned  by  a  multipliratlon  of  a  4140*cpt  signal  of  ihe  liadre  timer.  Thin  prciiec 
frequency  wat  not  mad#  aeaUablt.  Thertfore.  tht  Input  had  to  be  oliitiiiod  from  the  110. 
<pd  drum  tynehroaiaing  pulte.  Thia  hat  beet  tccompllthed  by  a  tlniple  eircull  conaiaiinf! 
of  a  107.1(e  ttned  amptlOcr  drlnog  a  locked  crystal  oacliutor.  The  tuned  tmpUrier  pro. 
vldct  gain  to  inertate  the  amplliuihr  of  the  lucking  tignnl,  and  Ihe  crystal  otcillalur  htt 
adequate  tltMUty  and  Q  value  to  lock  on  the  dealred  multiple  of  100  epe  and  reject  the 
other  mulllplea  of  100  cpt. 

TMt  circuit  with  output  diivcre  hat  been  designed,  contlructtd,  and  mane  opi*mttonal. 


Reference  Oacillator  Unit  . 

A  tinglr  reference  oscillator  unll  hat  beet  detigntd  and  conatnirted  (tec  Fig.  0).  It 
It  to  be  uaod  at  an  oaperlmcnial  ehattlt  for  tetting  up  a  vaiieiy  of  modulation  wave  ehapes 
for  frccpicncy  modulating  the  teat  oactilator  that  MppUea  the  analytit  cltantis.  The  frc. 
qteticy  tuidulatlon  It  to  be  tccoatpUthad  by  the  ate  of  a  VarUL  current  controlled  inductor 
In  lombliialioii  with  niUagu.variable  diode  caparllort.  The  tawtooch  and  reciangular 
wuveform  generator,  from  which  Ihe  acceleration  modulation  waveforms  art*  produced, 
hon  U*cn  designed  and  conainicted.  A  monitor  chatait  alto  hat  been  designed  and  con* 
alructed  to  indicato  Ike  actaal  modulaiion  waveform  on  the  oacillator  otipul  algnal. 


Antlynlt  Chattel 

The  detlga  of  the  antlyalo  chaiaiel  it  timiltr  to  thtl  shown  on  Fig.  1  which  It  pret- 
tmiy  betuf  ttttd  In  Madrt.  A  unit  has  been  eonstracted  and  It  ready  lor  evaluation. 


ftep  Getwracort 

figure  T  shows  the  tchtnutlc  dugram  of  the  ninge*rale  step  generator,  which  has 
been  detlgntd  and  conatractad.  It  providtt  a  step  waveform  to  acan  the  reference  oacil* 
lator.  alep  aignala  for  the  range  jwtr  awvopa,  and  blanking  algnala;  ii  timet  the  2.0.avc 
auaiytit  cycle  and  providea  raaat  atgnalt  for  aevaral  oUiar  alep  gentratort. 

Tabaa  V|  and  Vy,  a  keyer  and  ona*ahoc,  provide  a  constant  pulaa  ampUtadt  tad 
wMtth  for  the  atap  generator,  conalating  of  a  conatam  current  generator  aiid  thyralron 
ratal,  tubaa  V,  and  V4 .  Tht  phase  of  the  step  waveform  it  apltt  by  ,  and  two  low* 
tmpadtore  oulpata  are  provided  by  f  and  .  The  oambtr  of  alapn  in  the  waveform 
in  dctermlaed  bf  Schmitt  trigger  circuit  V, ,  tad  the  blanklag  imarval  la  determined  by 
Vg.  A  low*iiapadanea  output  tor  the  blaalU^  atgmil  la  obtained  with  the  cathode  follower 
V,.  The  detlga  of  the  ramalnlng  atap  ganeratora  will  he  eimilar  to  that  of  Fig.  T. 
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Alta:  Mr.  G.  L.  Molotad  (NovOrd  TIM) 

CMof.  Antf  Bseanip  Ai«aep.  ArUagloa  Ball  Btatloa, 
ArUnglM  12,  Va. 

Aircraft  lastrowsats  Loboralof7,  MrMllr,  I..L,  Nov  Vorfc 
IBla:  Mr.  Moll  P.  HoU 

COR,  eat  APR.  Colorado  dprlaio.  Colo. 

Ana:  LTOOL  M.  R.  Crtpt.  IN*  MRAD.  RPBD-R 
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m  Amt  OrAmttB  lllMlle  CoouMUd*  lledalMit  Arsenal*  Ala. 

Alta:  Mr.  JasMS  C.  NoraMa 

WsairmS  Oriaaaca  fte*  Labs.,  Ordaaaet  Corps*  Wasb.  SS,  D.C* 
Alta:  Mr.  Ptnry  OiMIsa 

iMtitiiU  for  Dsfenat  Analpass,  1M8  Coaa.  Ave..  N.W.,  Waslu,  D.C. 
Atta:  Or.  Mila  L.  Masoeli 

WMtMBlouac  Electric  Corp.*  Oefsaas  Centtr-BaMlmore*  Tecbniral 
kfomubaa  Cealsr.  P.  O.  Boa  IfM,  BaUtawro  3.  Md. 

ffstems  Brands  tM  Anap  trienliUc  Llalaoa  4  AAviaorp  Orp.» 

P.  a  Boa  71S7*  Apni  Malloa,  Wash.  4*  O.C. 

Mta:  Mr.  Richard  A.  Kratfcr 

Aero  Geo  Aalro  Corp..  P.  O.  Boa  IMS*  Edaall  A  Uacolala  IWs.* 
Aloaaadrta*  Va. 

mr.*  OAiA  OiU  CcaUrr.  P.O.  Drawer  QQk  Bnu  Marhara*  Calif. 
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memorandum 


REQUm  1X>  DECL^IFY  NRL  REPORTS 
Code  1221.1  (C.  Rofcif) 


I.  Ii  b  foqiMMid  dM  dK  NRt.  RcpofU  Ibled  below  be  decleeeified.  The 
bdbHMdopcopiiiBcdiptheieiepflrtibMbocointpdbHcluHiwIedsctothciiMHy 
yoin  shm  fini  clanifted. 


t*g~2lUv  5790^4/ 
W’Stt  ^ V  ^ 


mm 


Ocdauiiy,  DoO  mi  OaO  wMWcwt  oily.  Tkot  lUpom  caiMte  Cfftiai 
TechBolofy. 


s«s»' 


EDWARD  E.  MAINE 


RodvDhrbioo 
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